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Multiple antimuscarinic agents are available for the treatment of overactive
bladder. Many of the agents have undergone reformulation in an attempt to
improve patient adherence and drug tolerability. Oxybutynin evolved from 
an immediate-release pill to a once-daily oral preparation, and is now
available as a transdermal patch and gel. This article discusses the clinical
impact of oxybutynin reformulation and reviews the evolution and benefits 
of transdermal therapy.
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Overactive bladder syndrome (OAB), defined by the International Conti-
nence Society as the presence of urinary urgency, with or without urge
incontinence, usually associated with frequency and nocturia, affects

millions of Americans.1 According to the National Overactive Bladder Evaluation
study, OAB prevalence in the United States is 16.9% in women and 16.0% in
men.2 The negative impact of OAB on quality of life is significant and should
not be underestimated; OAB may result in impaired mobility, social isolation,
impaired work-related productivity, depression, disturbed sleep, and impaired
domestic and sexual function.3
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Several US Food and Drug Admin-
istration (FDA)–approved antimus-
carinic agents are available in both
oral and transdermal formulations.
Oxybutynin, the most widely pre-
scribed antimuscarinic agent for over
30 years, evolved from an immediate-
release pill to an extended-release
oral preparation, and is now available
as a transdermal patch and gel. Refor-
mulation of antimuscarinic agents
has consistently resulted in improved
tolerability and enhanced patient
adherence.4

This article assesses the reformula-
tion of oxybutynin and its beneficial
effects on efficacy and tolerability. In
addition, it discusses the evolution of
transdermal/topical treatment of OAB,
as well as the benefits of transdermal
delivery over oral therapy.

Immediate-Release Oxybutynin
Immediate-release oxybutynin (OXY-
IR) is a tertiary amine that has anti-
cholinergic, smooth muscle relaxant,
and local anesthetic properties. The
acetylenic amino ester has both 
R- and S-chirality, and its anticholin-
ergic activity has been predominantly
attributed to its R isomer. It undergoes
extensive first-pass liver metabolism
that generally limits its bioavailability
to about 6%.

N-desethyloxybutynin (N-DEO) is
the primary liver metabolite of oxybu-
tynin. It is an active metabolite shown
in vitro to be equivalent in activity to
the parent compound. The half-life of
OXY-IR is 2 to 5 hours, and the max-
imum plasma concentration (Cmax)
values are achieved at 0.5 to 1.5 hours
for the parent and 0.5 to 2 hours for
the N-desethyl metabolite.5 Due to
variations in the elimination pattern
of the parent compound versus N-
DEO, there is an approximately 5-fold
higher area under the curve (AUC) for
the metabolite than the parent. There
is general acceptance that the dry
mouth associated with oxybutynin is

largely due to its metabolite N-DEO.
This may be partially explained by its
higher affinity for the salivary gland
M3 muscarinic receptors compared
with the detrusor.6

OXY-IR, most commonly prescribed
as a 5-mg oral dose 3 times daily, has
been the gold standard pharma-
cotherapy for OAB, and its clinical ef-
ficacy has been well documented.7 A
summary of 15 randomized, con-
trolled studies showed that OXY-IR
produced a 52% mean reduction in
urge incontinence episodes.8 In com-
parative studies, OXY-IR has also
shown similar efficacy to immediate-
release tolterodine.9

The most common side effect asso-
ciated with OXY-IR is dry mouth,
which is reported in 17% to 93% of
patients.8 Although the incidence of
side effects associated with OXY-IR
can be reduced by using lower
dosages, poor tolerability and 3 times
daily dosing has limited its accep-
tance in clinical practice.

Extended-Release Oxybutynin
A once-daily, orally administered, ex-
tended-release oxybutynin (Ditropan
XL®; Ortho-McNeil Pharmaceutical,
Raritan, NJ) (OXY-ER) received FDA
approval for the treatment of OAB in
1999. The drug utilizes a patented,
push-pull, osmotic-release oral sys-
tem that delivers steady-state serum
levels of oxybutynin over a 24-hour
time frame, avoiding the peaks and
troughs associated with OXY-IR.10

Plasma levels of oxybutynin rise over
a 4- to 6-hour period and steady-state
concentrations are achieved after 3
days of ingestion.

N-DEO, the primary metabolite of
oxybutynin, appears to be responsible
for the anticholinergic side effects as-
sociated with the oxybutynin inges-
tion. Sathyan and colleagues11

demonstrated that the incidence of
dry mouth correlated with the plasma
concentration of N-DEO. In the same

group of patients, parent drug serum
concentration did not correlate with
the presence of dry mouth or the
reduction in salivary gland output.

OXY-IR undergoes extensive first-
pass proximal gut wall and liver P450
metabolism, producing high plasma
levels of N-DEO. In contrast, as a re-
sult of its rapid small bowel transit
time of 3 to 5 hours, OXY-ER is pri-
marily absorbed in the large intestine,
where there is a lower concentration
of p450 isomers. The reduced first-
pass effect from decreased absorption
in the proximal gut results in more
parent oxybutynin being absorbed
and comparatively less metabolite.
Lower N-DEO levels results in fewer
anticholinergic side effects and im-
proved tolerability.

The efficacy and tolerability of
OXY-ER (available in 6 strengths,
from 5-30 mg) is well documented in
the literature. Clinical phase III stud-
ies demonstrated an 83% to 90% re-
duction in urge incontinence episodes
and efficacy similar to OXY-IR.12

OPERA (which stands for Overactive
Bladder: Performance of Extended
Release Agents), a study comparing
the efficacy and tolerability of 10 mg
of OXY-ER to long-acting 4 mg of
tolterodine, demonstrated statistical
superiority in favor of oxybutynin in
reducing micturition frequency and
achieving total dryness.13

In a randomized, double-blind,
active control study, Anderson and
colleagues14 demonstrated a lower
incidence of anticholinergic side
effects associated with OXY-ER. Dry
mouth was reported in 68% and 87%
(P � .04) of the patients receiving
OXY-ER and OXY-IR, respectively.
In OPERA, the incidence of dry mouth
in patients treated with 10 mg of
OXY-ER was 30%.13

Historically, a low percentage of
patients remain on long-term (� 6
month) therapy with OXY-IR. How-
ever, more recent data suggest much
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better compliance with OXY-ER. An
open-label study15 evaluating 1069
patients demonstrated that 60% of
patients remained on the drug at 12
months. Efficacy was maintained
throughout the 12-month study pe-
riod in responding patients. Sixteen
percent of patients discontinued
therapy due to adverse events, with
an additional 3.8% stopping therapy
due to lack of efficacy. The results of
the study appear to closely resemble
the author’s experience in clinical
practice.

Transdermal Drug Delivery
Advances in polymer science and drug
formulation have resulted in the de-
velopment of transdermal medications
for the treatment of a number of med-
ical conditions, including estrogen
and androgen deficiency syndromes,
contraception, analgesia, smoking
cessation, and OAB. In general, trans-
dermal delivery is convenient and of-
fers a number of advantages over oral
drug therapy, including improved
pharmacokinetics, a more convenient
dosing schedule, and a lower inci-
dence of adverse events.

Skin Science and Drug 
Absorption
The skin is broadly divided into the
epidermis, dermis, and subcutaneous
tissue. Drugs must penetrate the rela-
tively avascular epidermis and reach
the rich capillary system located in
the underlying dermis to be absorbed
into the systemic circulation. Drug
absorption is affected by biologic and
physiochemical properties of the var-
ious skin layers, the nature of the
medication, and the design of the
drug delivery system.16

The stratum corneum of the epider-
mis is the primary rate-limiting barrier
to drug absorption. Lipophilic sub-
stances transit the stratum corneum
through the lipid-rich intercellular

spaces, whereas more hydrophilic
molecules dissolve and diffuse through
the cell cytoplasm. Absorption through
the skin can be influenced by a num-
ber of factors, including radiation,
solvents, exfoliative diseases, and der-
mal blood flow.16 Drug absorption is
also influenced by the presence of
cutaneous cytochrome 450 enzymes
that have the potential to oxidize
drugs, resulting in approximately 10%
to 20% first-pass metabolism.17

The properties of the drug and its
vehicle also influence skin perme-
ation and absorption. Lipophilic drugs
such as oxybutynin are better suited
for transdermal delivery because of
their increased solubility and ability
to diffuse through the cutaneous lay-
ers. Penetration enhancers increase
skin permeability by interacting with
intercellular lipids and/or denaturing
cutaneous proteins.16

Drug delivery is a function of the
type of device used to store and re-
lease the medication. Matrix patches
combine the drug and rate-controlling
permeation enhancer into a single
layer. These systems are smaller and
thinner, and drug release is controlled
by diffusion through the polymeric
matrix.16 In contrast, reservoir/-
membrane-controlled systems contain
the drug in a polymeric membrane
that controls the rate at which the
drug is released.

Oxybutynin Transdermal 
Delivery System
Oxybutynin transdermal delivery
system (OXY-TDS) is a skin patch and
transdermal delivery of oxybutynin
to patients with OAB. OXY-TDS
(Oxytrol®; Watson Pharma, Corona,
CA) offers a number of advantages
over oral drug administration, includ-
ing improved pharmacokinetics, en-
hanced adherence, and a lower inci-
dence of anticholinergic side effects.

OXY-TDS is a matrix-type system
composed of 3 layers; the middle

layer contains oxybutynin and a skin
permeation enhancer called triacetin.
Triacetin controls the rate of drug
absorption through the stratum
corneum by its physiochemical inter-
action with skin lipids. Once through
the stratum corneum, oxybutynin en-
ters the systemic circulation via small
capillaries located in the dermis.

The 39 cm2 patch containing 36 mg
of oxybutynin delivers 3.9 mg of oxy-
butynin daily. Steady-state plasma
concentrations are maintained for
approximately 96 hours, eliminating
the peaks and troughs associated with
oral OXY-IR and allowing for twice-
weekly application.18 Bioequivalence
has been demonstrated when applied
to the abdomen, buttock, and thigh,
enabling the patient to rotate sites
and lower adverse site reactions.

Patient adherence with prescribed
therapy is affected by a number of
factors, including pill burden, com-
plexity of dosing schedule, memory
lapses, and adverse events.19 In stud-
ies, patients have been shown to fail
to take less than 50% of their pre-
scribed dose of medication,20 and ad-
herence has been improved by less-
frequent dosing intervals.21 OXY-TDS
applied twice weekly has the potential
to improve patient adherence, espe-
cially in older polypharmacy patients.

Transdermal delivery of oxybu-
tynin results in a lower incidence of
anticholinergic side effects by avoid-
ing first-pass gastrointestinal and he-
patic metabolism associated with oral
administration. Avoidance of first-
pass metabolism dramatically reduces
the amount of N-DEO present in the
systemic circulation, resulting in im-
proved tolerability, with reported dry
mouth and constipation rates similar
to placebo.22 The most common treat-
ment-related systemic adverse events
experienced with OXY-TDS in inte-
grated phase III studies include dry
mouth (7.0%), constipation (2.1%),
dizziness (0.8%), dysuria (1.2%),
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nausea (2.1%), and abnormal vision
(1.2%).22,23 The lower levels of N-DEO
relative to parent drug have similarly
been shown to have smaller declines
in saliva output.18

The literature supports the efficacy
of OXY-TDS in treating patients with
OAB. In a randomized, placebo-
controlled, phase III trial, OXY-TDS
significantly reduced the number
of weekly incontinence episodes 
(median change, �19.0 vs �14.5; 
P � .0165), 24-hour frequency of 
urination (mean change, �2.3 vs �1.7;
P � .0457), and increased the mean
volume voided (median change, 24 vs 
6 mL; P � .0063).22 In a subsequent
head-to-head, placebo-controlled trial
comparing OXY-TDS to extended-
release tolterodine, both medications
were equally effective in reducing 
incontinence episodes and urinary
frequency, and superior to placebo23

(Figure 1).

A potential limitation of transder-
mal drug delivery devices is the risk
for application site reactions (ASE).
Skin adverse events can result from
the drug, adhesive, permeation en-
hancer, or can be due to the occlusive
nature of the device. The most com-
mon ASEs are allergic contact der-
matitis, irritant dermatitis, alterations
in skin pigmentation, redness, pruri-
tis, or local edema.24

Erythema (8.3%) and itchiness
(14.0%) are the most commonly re-
ported skin adverse events associated
with OXY-TDS and are usually mild
or moderate in severity.22,23 Erythema
usually resolves spontaneously within
days and requires no treatment. Itchi-
ness is usually due to skin dryness
and can be alleviated by liberal usage
of skin moisturizers and application
site rotation. The “ring around the
patch” residue can be removed with
warm soap and water, or, in some

cases, baby oil. Nail polish remover
(acetone) can irritate the skin and
should be avoided. Simple patch and
skin care instructions given to pa-
tients have been shown to signifi-
cantly decrease the incidence and
severity of local skin reactions in
phase IV studies.25

Oxybutynin Chloride Topical Gel
Oxybutynin chloride topical gel (OTG)
was recently approved by the FDA for
the treatment of overactive bladder.
The once-daily gel formulation
(Gelnique™; Watson Pharma) uses a
small application volume (1.14 mL/
dose; 1 g) that is applied to the ab-
domen, thigh, shoulder, or upper arm.
OTG is quick drying, colorless, and
leaves no residue. Its hydroalcoholic
system utilizes ethanol as a skin per-
meation enhancer and a glycerin
emollient to soften the skin and to
minimize dryness.

Steady-state plasma concentrations
of both oxybutynin and N-DEO are
achieved within 1 week of OTG appli-
cation and with similar plasma con-
centrations to OXY-TDS.26 A parallel
group study demonstrated equal
bioavailability and steady-state phar-
macokinetics of oxybutynin and N-
DEO following gel applications to the
abdomen, upper arm/shoulder, and
thigh (Figure 2). In addition, its phar-
macokinetic profile is not adversely
affected by sunscreen application or
showering.27

Transference is a potential issue
with transdermal gels and creams.
Minor person-to-person transference
of OTG occurs with skin contact, but
it is minimal, likely not clinically im-
portant, and largely eliminated by
covering the application site with
clothing.27

The OTG formulation further im-
proves the favorable metabolite-
to-parent (N-DEO/oxybutynin) plasma
concentration ratio that is seen
with OXY-TDS.28,29 The mean

 100

80

40

60

20

0
PlaceboTOL-LA

75% reduction

50% reduction

OXY-TDS

M
ed

ia
n

 D
ec

re
as

e 
Fr

o
m

 B
as

el
in

e 
in

 E
p

is
o

d
es

 (
%

)

Median Daily Episodes of UI

Baseline

Week 12

4.0 4.0 4.0

1.0 1.0 2.0

Comparison of OXY-TDS vs placebo (P � .0137)
Comparison of OXY-TDS vs TOL-LA (P � .5878)

n � 121 n � 117n � 123
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DEO:oxybutynin AUC0-96 ratios
achieved with OTG and OXY-TDS
were 0.77 and 1.07, respectively.

The efficacy and tolerability of OTG
has been evaluated in a 12-week,
phase III, randomized, placebo-
controlled, double-blind study and a
14-week extension study. The approval
of OTG by the FDA was largely attrib-
uted to the results of this study, which
have not yet been published.

The Evolution of Oxybutynin
The evolution of oxybutynin has re-
sulted in new formulations that offer
patients improved tolerability with a
lower incidence of anticholinergic

side effects and enhanced dosing op-
tions. OXY-ER significantly reduces
the incidence of dry mouth associated
with OXY-IR, and provides conve-
nient once daily dosing. OXY-TDS,
applied twice weekly, gives patients a
transdermal option and anticholiner-
gic side effects similar to placebo.
Oxybutynin chloride topical gel simi-
larly provides a topical therapy for
OAB, which may be preferable to a
pill for many patients. In addition,
the favorable metabolite-to-parent
(N-DEO/oxybutynin) plasma concen-
tration associated with OTG is ex-
pected to be associated with excellent
tolerability. The less occlusive gel is

also expected to have reduced adverse
skin events due to the presence of
glycerin and the absence of the skin
permeation enhancer triacetin.
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